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Some studies showed that Asians with obstructive sleep apnea (OSA) are thinner than Caucasians. Because obesity is a major
risk factor for OSA, it was concluded that Asians are predisposed to OSA. However, body fat composition varies for a same body
mass index (BMI) according to ethnicity. We firstly compared anthropometric characteristics, symptoms and associated
disorders in all consecutive male Japanese descendants and white males with OSA referred for polysomnography. In a second
analysis, all Japanese descendants were compared to a subgroup of white males, matched for apnea/hypopnea index and age.
In the first analysis, age, symptoms, OSA severity and co-morbidities were similar among Japanese descendants (N = 54) and
white patients (N = 466). However, Japanese descendants had a lower BMI than white patients: 27.1 (25.5-28.4) vs 29.4 (26.5-
33.0) kg/m2, respectively (P < 0.001). In the second analysis, Japanese descendants had a lower BMI than white patients (P <
0.001). Multiple linear regression considering the entire group revealed that age, BMI, neck circumference, Epworth sleepiness
scale, ethnicity and %REM sleep were independent predictors for apnea/hypopnea index (P < 0.001). Ethnicity was no longer
significantly associated with OSA severity when we adopted the World Health Organization criteria for obesity (≥25 and 30 kg/
m2 among Japanese descendants and white males, respectively). Japanese descendants with OSA have a lower BMI than white
subjects of similar severity. However, ethnicity was not associated with OSA severity when an ethnical difference in obesity
criteria was respected. Our data suggest that Japanese descendants are not predisposed to OSA.
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Introduction
Obstructive sleep apnea (OSA) is characterized by
repetitive partial or complete obstruction of the upper air-
ways during sleep. The susceptibility to collapse of the
upper airways is determined by the interaction of several
factors, including craniofacial morphology and ventilatory
control (1). Obesity is a major risk factor for OSA, particu-
larly when associated with central deposition of fat around
the upper airways (2,3). Specific ethnicities may represent
a risk factor for OSA. For instance, African-Americans
have been reported to be at increased risk for OSA when
compared to Caucasians (4). A few recent studies have
suggested a greater severity of OSA among Asians than
among Caucasians, when subjects are matched for body
mass index (BMI) (5,6). Conversely, it has also been
shown that among OSA patients of similar disease sever-
ity, Asians were less obese than Caucasians (5-7). Taken
together, the data suggest that Asians may be predis-
posed to developing OSA.
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The mechanisms for an increased OSA severity in
Asians as compared to Caucasians, when matched for
BMI, are not completely understood. It is possible that
Asians have craniofacial characteristics that would render
the upper airways more prone to collapse. Another factor
that may also play a role is that Asians have a higher
percentage of body fat when compared to Caucasians of
the same BMI and age (8). This finding may help explain
the higher frequency of associated disorders such as type
2 diabetes at lower BMIs found in Asians compared to
Caucasians (9). These data led the World Health Organi-
zation (WHO) and the Japanese Society for the Study of
Obesity to recently propose a BMI of 25 kg/m2 or higher to
define obesity in the Asian population as opposed to 30 kg/
m2 or higher in Caucasians (10,11).
São Paulo, Brazil, is a city with the largest community
of Japanese descendants outside Japan. The first Japa-
nese immigrants came to Brazil in the first decade of the
last century. This provides the possibility to study a single
population of Asians, as opposed to previous studies that
pooled together different Asian ethnicities (5-7). The pur-
pose of the present study was to compare differences
between Japanese descendants and white patients with
OSA referred to a single sleep laboratory. We hypoth-
esized that Japanese descendants referred to the sleep
laboratory would have a lower BMI despite a similar OSA
severity when compared to white patients.
Subjects and Methods
All Japanese descendants and all white patients who
underwent polysomnography at the Sleep Laboratory,
Pulmonary Division, Heart Institute, University of São Paulo,
from 2002 to 2006, were included in this retrospective
study. Japanese descendants and white subjects were
compared in two different analysis: 1) all consecutive
patients that fulfilled inclusion criteria during the study
period, and 2) Japanese descendants and white subjects
matched for apnea/hypopnea index (AHI) and age at a
proportion of 1 Japanese descendant to 2 white patients.
Maximum differences of 2 events/h for AHI, 1 kg/m2 for BMI
and 3 years for age were used for matching.
We excluded patients younger than 18 years, patients
participating in continuous positive airway pressure titra-
tion studies, and patients participating in study protocols.
We also excluded African descendants, Mulattos and Asian
descendants other than Japanese as well as those who
were Japanese descendants but had a history of inter-
ethnic marriage within the last three generations. Due to
the small number of Asian descendant women, the study
included only males.
Ethnicity was determined from the self-reported infor-
mation obtained at the time of the sleep study. Japanese
descendants were questioned whether their grandpar-
ents, parents or themselves were Japanese natives. His-
tory was obtained on the night of the sleep study and
included: educational level, daytime somnolence as deter-
mined by the Epworth sleepiness scale (ESS) (12), pres-
ence of snoring, smoking habit and associated disorders
including hypertension, diabetes mellitus, congestive heart
failure, and ischemic heart disease. Weight, height and
neck circumference were determined on the night of the
sleep study. Because taller people are expected to have
larger necks, we also calculated the neck/height ratio (13).
We also defined obesity according to ethnicity using the
WHO and Japanese criteria (BMI greater than 25 and 30
kg/m2 for Japanese descendants and for white patients,
respectively) (10,11).
The polysomnography studies included electroen-
cephalography, eletrooculography, chin and leg electro-
myography, and electrocardiography, oximetry, measure-
ments of airflow with a nasal pressure cannula, and meas-
urements of ribcage and abdominal movements during
breathing (Alice 4; Respironics Inc., USA). All studies were
manually scored. Apnea was defined as complete cessa-
tion of airflow for at least 10 s. Hypopnea was defined as a
reduction in respiratory signals for at least 10 s associated
with oxygen desaturation of ≥3% or arousal. The AHI was
calculated as the total number of respiratory events (ap-
neas plus hypopneas) per hour of sleep. An AHI ≥5 events/
h was used to define OSA.
Japanese descendants and white patients were com-
pared using the unpaired Student t-test and the Mann-
Whitney U-test for non-normally distributed continuous
variables. The Z test was used for comparison of propor-
tions. Multiple linear regressions were used to identify
variables that made an important contribution to the varia-
bility of the apnea/hypopnea events during sleep in the
entire study group. To this end, AHI was considered to be
the dependent variable, whereas age, ethnicity, BMI, neck
circumference, ESS score and %REM sleep were consid-
ered to be independent variables. Multiple linear regres-
sion was also performed, replacing BMI with obesity (tak-
ing into account ethnicity, as previously described) and
neck circumference with neck/height ratio. AHI was loga-
rithmically transformed for multiple linear regression anal-
ysis due to its non-normal distribution. The study was
approved by the local Ethics Committee.
Results
During the study period, 586 patients of the 2290 sleep
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studies fulfilled the inclusion criteria. Subjects who partici-
pated in study protocols (N = 1228) or in continuous
positive airway pressure titration studies (N = 100), women
(N = 303), other ethnicities (N = 70) and Japanese descen-
dants mixed with other races (N = 5) were excluded.
Among the 586 patients included, 61 were Japanese de-
scendants. The proportion of individuals with OSA was
similar among white patients and Japanese descendants
(89 and 88%, respectively). Therefore, the patients with
diagnostic criteria for OSA included for further analysis
consisted of 54 Japanese descendants and 466 white
patients. Of the 54 Japanese descendants, 67% were
sons and 27% were grandsons of Japanese natives. The
other 6% were Japanese natives. Japanese descendants
and white OSA patients were similar with respect to age,
educational level, symptoms, and associated disorders
(Table 1). The AHI was similar in Japanese descendants
and white patients. In accordance with previous studies,
Japanese descendants presented a lower BMI (5-7). How-
ever, we extended the previous findings by showing that
such difference must be interpreted in the context that the
two ethnicities are markedly different in several aspects.
Japanese descendants were shorter, thinner and pre-
sented a smaller neck circumference than white patients.
For instance, when corrected for height (13), neck circum-
ference was similar in the two ethnic groups. Moreover, the
prevalence of obesity, when the WHO and Japanese defi-
nition for obesity was taken into account, was not lower,
but significantly greater among Japanese descendants
than among white patients (Table 1).
The second analysis conveyed similar information.
When Japanese descendants (N = 54) were matched with
white subjects (N = 108) for AHI and age
(Table 2), Japanese descendants had a
lower BMI compared to non-Asians but a
higher prevalence of obesity.
Multiple linear regression was used to
identify variables that made an important
contribution to the variability of AHI. Age,
BMI, neck circumference, ESS, %REM sleep
and ethnicity were independently associ-
ated with AHI (P < 0.001; Table 3). Taking
into account the different anthropometric
characteristics of each ethnic group, we
replaced BMI and neck circumference with
obesity and neck/height ratio. In this model,
ethnicity was no longer significantly associ-
ated with AHI (P = 0.37; Table 4).
Discussion
Our results agree with recent studies
and show that Japanese descendants with
OSA referred to a sleep laboratory have a
similar AHI but a significantly lower BMI
than white patients (5,7). Studies that con-
trolled for BMI conveyed a similar message,
and showed a higher AHI in Asians com-
pared to Caucasians (6,7). Likewise, our
multiple linear regression model, that con-
trolled for BMI and neck circumference,
showed that being a Japanese descendant
was associated with increased AHI. There-
fore, Japanese descendant males are pre-
disposed to OSA even though they are not
obese according to the standard for Cauca-
sians. Our data suggest that the usual crite-
Table 1. Demographic data, symptoms, associated disorders and polysomnogra-
phy data of consecutive Japanese descendants and white patients.
Japanese descendants White patients
 (N = 54) (N = 466)
Demographic data
Age (years) 53.3 ± 12.6 50.6 ± 13.6
Education >12th grade (%) 66 67
BMI (kg/m2) 27.1 (25.5-28.4) 29.4 (26.5-33.0)**
Obesity (%) 80 44**
Height (cm) 166 ± 6.2 173 ± 7.4**
Neck circumference (cm) 40 (38-42) 42 (39.5-44)**
Neck/height ratio 0.24 (0.23-0.25) 0.24 (0.23-0.25)
Polysomnography
Total sleep time (min) 392 (339-440) 366 (315-405)*
Sleep efficiency (%) 88.8 (74.1-93.5) 87.3 (77.3-93.8)
S1 (%) 5 (2.7-10.7) 4.5 (2.1-8.5)
S2 (%) 72.1 (64.9-78) 70.3 (60.6-77.3)
S3 (%) 3.6 (1.1-6.2) 3.7 (1.3-6.5)
S4 (%) 1.7 (0-6.6) 2.9 (0-7.9)
REM (%) 11.7 ± 6.7 14.2 ± 7.6*
Arousals (N) 196 (143-274) 201 (138-285)
AHI (events/h) 36.5 (20.1-54.9) 28.5 (14.7-48.6)
Lowest SaO2 (%) 80 (75-85) 82 (74-86)
Associated symptoms
Epworth sleepiness scale 10 (6-16) 10 (7-14)
Snoring (%) 92 96
Associated disorders
Hypertension (%) 55 43
Diabetes (%) 16 8
Smoking (%) 20 13
Ischemic heart disease (%) 7 5
Congestive heart failure (%) 13 6
Data are reported as mean ± SD, median (interquartile range) or as otherwise
stated. BMI = body mass index; S1-S4 = sleep stages; REM = rapid eye move-
ment; AHI = apnea-hypopnea index; SaO2 = oxygen saturation.
*P ≤ 0.05 compared to Japanese descendants (t-test and Mann-Whitney U-test,
where appropriate). **P ≤ 0.001 compared to Japanese descendants (t-test,
Mann-Whitney U-test and Z test, where appropriate).
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Table 2. Demographic data, polysomnography and sleepiness data of Japanese
descendants and white patients matched for AHI and age.
Japanese descendants White patients
(N = 54) (N = 108)
Demographic data
Age (years) 53.3 ± 12.6 52.9 ± 11.6
BMI (kg/m2) 27.1 (25.5-28.4) 29.3 (26.5-33.6)*
Obesity (%) 80 43*
Height (cm) 166 ± 6.2 173 ± 7.4*
Neck circumference (cm) 39.7 ± 3.4 42.7 ± 3.4*
Neck/height ratio 0.24 (0.23-0.25) 0.24 (0.23-0.26)
Polysomnography
AHI (events/h) 36.5 (20.1-54.9) 35.7 (19.4-53.8)
Lowest SaO2 (%) 80 (75-85) 81 (72-85)
Sleepiness
Epworth sleepiness scale 11 ± 6 12 ± 5
Data are reported as mean ± SD, median (interquartile range) or as otherwise
stated. BMI = body mass index; AHI = apnea-hypopnea index; SaO2 = oxygen
saturation. Obesity was defined as BMI ≥25 kg/m2 for Japanese descendants
and ≥30 kg/m2 for white patients.
*P ≤ 0.001 compared to Japanese descendants (t-test, Mann-Whitney U-test and
Z test, where appropriate).
rion for obesity (30 kg/m2) is misleading when the risk for
OSA is assessed among Japanese descendants.
Our findings that age, BMI, neck circumference and
ESS were associated with AHI are in accordance with
large epidemiological studies (2,13-17). Neck circumfer-
ence is considered to be a surrogate measure of upper
airway fat and, in addition to BMI, is a sensitive predictor of
OSA (13,17). Accordingly, BMI and neck circumference
were the two factors most frequently associated with AHI in
our multiple linear regression model. The mechanisms that
link obesity to OSA are not completely understood. Upper
body obesity and fat deposition around the upper airways
are major risk factors for OSA. This may help explain, for
instance, the greater propensity to OSA among males
compared to females (17). In agreement with this view,
one study compared body fat composition between OSA
patients and controls paired for BMI. The authors showed
that OSA patients had a greater percentage of body fat
(18). Despite an apparent smaller neck circumference
among Japanese descendants in our study, the difference
was no longer present when corrected for height (13).
Likewise, the absolute BMI value may not convey sufficient
information about fat deposition, particularly when differ-
ent populations are compared. For instance, Wang et al.
(8) compared the percentage of body fat and fat distribu-
tion between Caucasians and Chinese descendants living
in New York City and observed that Asians
had a lower BMI but a higher percentage of
body fat and more upper-body subcutane-
ous fat than did whites. This concept was
also acknowledged by the WHO (10) and by
the Japanese Society for the Study of Obe-
sity (11), that lowered the BMI cut-off for
obesity among Asians from ≥30 to ≥25 kg/
m2. As a matter of fact, these criteria have
been used in different studies from Japan
and China (19-21). After adopting these
criteria, the percentage of obesity was higher
in the Japanese descendants than in white
patients (Tables 1 and 2). Obesity among
Japanese descendants may be explained
in part by the acculturation process with
modifications in life style and diet leading to
an increase in weight. This was demon-
strated among Japanese descendants liv-
ing in Brazil compared to Japanese living in
Japan (22).
According to our linear regression, model
Table 3. Multiple linear regression results considering Ln(AHI)
as the dependent variable and BMI, age, neck circumference,
Epworth sleepiness scale and %REM as independent variables.
Variable R P
BMI 0.29 0.016
Age 0.07 <0.001
Neck circumference 0.03 <0.001
Epworth sleepiness scale 0.02 0.002
Ethnicity 0.03 <0.001
%REM 0.01 0.025
Model 0.45 <0.001
BMI = body mass index; REM = rapid eye movement.
Table 4. Multiple linear regression results after replacing body
mass index (BMI) and neck circumference with obesity and
neck/height ratio.
Variable  R P
Obesity 0.29 <0.001
Age 0.06 <0.001
Neck/height ratio 0.02 0.007
Epworth sleepiness scale 0.01 0.004
Ethnicity 0.004 0.369
REM 0.01 0.007
Model 0.40 <0.001
Obesity was defined as BMI ≥25 kg/m2 for Japanese descen-
dants (N = 54) and ≥30 kg/m2 for white patients (N = 466). REM
= rapid eye movement.
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being a Japanese descendant is a risk factor for OSA. The
important message is that when evaluating the risk for OSA
among Asians, a lower BMI cut-off should be employed.
When we changed the definition of obesity among Japanese
descendants to 25 kg/m2 (according to the WHO and to
Japanese criteria), being Asian was no longer associated
with OSA severity. This model may help to reconcile data
from large epidemiological studies that show a similar preva-
lence of OSA among different populations. For instance, Ip
et al. (14) studied middle-aged Chinese workers in Hong
Kong and found prevalence rates of 4.1% among men and
2.1% among women. Kim et al. (15) found a prevalence of
OSA of 4.5% among middle-aged Korean men and 3.2%
among women. More recently, similar prevalence rates
among men (4.9%) and women (2.1%) were reported in
India (16). These rates in different Asian ethnic groups are
very similar to those published by Young et al. (2) who found
a prevalence of 4% among middle-aged American men and
2% among women. The WHO and Japanese criteria, that in
our study may help explain the propensity for OSA among
Asians, were also very useful to explain the unexpected high
prevalence of disorders associated with obesity such as
type 2 diabetes in Asian populations (9).
Craniofacial differences between Asians and Cauca-
sians have been proposed as a major explanatory mech-
anism that accounts for a greater tendency to OSA among
Asians (1). The craniofacial structure is composed of bony
and soft tissue components. Cephalometry identifies these
structures and permits comparisons against published
norms. The most common cephalometric abnormalities
reported among OSA patients include an inferiorly posi-
tioned hyoid bone, a posteriorly placed maxilla and man-
dible, an enlarged tongue and soft palate, as well as a
smaller velopharyngeal cross-sectional area (3). In this
context, intra-ethnic studies among Caucasians and Asians
have found similar cephalometric abnormalities in OSA
patients and controls (5,23). However, cephalometric char-
acteristics comparing OSA patients of different ethnic
groups are in fact controversial. There is evidence sup-
porting the theory that Asians have an unfavorable anatomy.
For instance, a shorter and steeper anterior cranial base
angle, that may predispose to OSA, was observed among
Asians with OSA compared to Caucasians (5,24). On the
other hand, a more inferiorly positioned hyoid bone and a
decreased posterior airway space were described in Cau-
casians with OSA compared to Asians (5). The latter
observation would lead to the opposite conclusion, i.e.,
Caucasians may be more prone to OSA. Therefore, al-
though there may be differences in craniofacial structure
between Asians and Caucasians, to date it is not possible
to determine the magnitude of the risk conferred by these
characteristics.
Differences in sleep architecture among different
ethnicities are controversial (25,26). In our study, REM
sleep was significantly shorter in Japanese descendants
than in white patients. These findings cannot be explained
by the AHI, which was similar between ethnic groups. We
observed a negative association between REM sleep and
AHI (ß coefficient -0.32), independent of ethnicity. Al-
though it is well known that OSA is generally worse in REM
sleep because of the associated muscle atony, a negative
association between percentage of REM and AHI has
been reported (26). One possible explanation for such
apparently unexpected finding is that a higher AHI would
lead to a reduction of REM sleep.
Our study has several limitations. We only studied
patients referred to the sleep laboratory, and potential
referral bias may have occurred. We acknowledge that
BMI alone, although a good predictor of OSA, does not
discriminate between body fat and lean mass. Although we
raised the hypothesis that different BMI cut-offs may help
explain the propensity to OSA among Asians, we did not
determine body fat distribution and did not evaluate cepha-
lometric parameters in our patients. An increase in symp-
tom perception and a lower educational level have been
proposed as possible explanations for the higher severity
of OSA among Asians reported previously (6). However,
we did not observe differences in symptoms (sleepiness,
snoring and tiredness) or educational level between Japa-
nese descendants and white patients. Previous studies
that compared sleep characteristics between Asians and
Caucasians included different Asian ethnicities (5-7). How-
ever, the prevalence of obesity and associated disorders
varies among different Asian populations (9). In contrast,
the present study only included a homogeneous popula-
tion of non-mixed Japanese descendants.
We observed that Japanese descendants with OSA
have a lower BMI but a similar AHI compared to white
patients as previously described (5-7). However, ethnicity
was not associated with OSA severity when an ethnical
difference in obesity criteria was respected. This may
indicate that Japanese descendants are not predisposed
to OSA. Our observations suggest that the risk for OSA
associated with obesity may be largely under-recognized
among Japanese descendants. There may be a delay or
under-diagnosis of OSA if a BMI >30 kg/m2 is considered
to be the criterion for obesity in Japanese descendants.
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